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Abstract Partial sequences (452 bp) of mitochondrial DNA (mtDNA) NDI of Oeneis norna and 
Oeneis melissa have been determined and compared with reported ND] sequences of Oeneis polix- 
enes, O. bore (O. taygete) and O. uhleri. It is inferred from the comparison of partial mtDNA se- 
quences that O. bore, O. polixenes, O. norna and O. melissa are distinct species to one another and 
their ancestors were separated at almost the same age. It is mentioned also that at present there is 
no clear evidence showing that O. norna is inhabiting North America including Alaska, which con- 
tradicts the descriptions given in a number of illustrated reference books on Japanese butterflies. 
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Introduction 


The species of genus Oeneis are found in the north of the New and Old Worlds. All the 
species are dull colored, medium in size and principally found in Arctic or alpine habitats as 
well as in taiga forest. In Japan two Oeneis species, O. norna and O. melissa, distribute, 
both of which are regarded as high-altitude species inhabiting limited areas above the tim- 
berline. The former species inhabits the Hida mountain chain (the Northern Japan Alps) 
and Mt. Yatsugatake in Honshu Island, while the latter inhabits the Daisetsu mountains and 
the Hidaka mountain chain in Hokkaido Island. In most of the illustrated reference books 
published after 1975 in Japan, it is described that O. norna ranges both Eurasia and North 
America (Kawazoé & Wakabayashi, 1976; Fukuda et al., 1984; Matsuka, 1994; Inomata & 
Matsumoto, 1995, Shirózu, 2006). It is also written in a foreign illustrated reference book 
that O. norna ranges North America (Higgins & Riley, 1970). However, at present there is 
no evidence showing that O. norna is distributed North America including Alaska, although 
there are morphological similarities among norna, bore (taygete) and polixenes. Although 
O. taygete and O. bore were treated recently as the same species (Opler & Wright, 1999; 
Lukhtanov & Eitschberger, 2001), the relation between O. norna and O. polixenes is un- 
known. It is, therefore, of importance to investigate the relationship among the Oeneis 
species. The molecular phylogenic analyses of the species of genus Oeneis have been car- 
ried out based on mtDNA (ND5) (Usami et al., 2005), but only little information is avail- 
able for those based on mtDNA (NDI). We have investigated the relationship among 
norna, polixenes, bore (taygete) and melissa through mtDNA ND] (452 bp) gene analyses. 


Materials and methods 


Specimen of O. norna asamana was obtained in the vicinity of Mt Yakushidake, Japan at al- 
titude near 2,700 m under the permission of Ministry of the Environment, Japan (cf. 
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Oeneis norna 





Oeneis bore 


Fig. 1. Outline of the distribution ranges of Oeneis norna, O. polixenes and O. bore. The ranges at 
Europe were obtained from Higgins and Riley (1970), those in North America were ob- 
tained from Opler and Wright (1999), and those in Russia were obtained from Lukhtanov 
and Eitschberger (2001). 


Acknowledgements) in 2001. Specimen of O. melissa lucilla has been obtained in the 
vicinity of the Loveland pass at altitude near 3,800 m in Rocky Mountains, Colorado, while 
one of the authors (T. Itoh) was staying in Colorado as a visiting Professor of University of 
Colorado in 2002. These specimens were dropped into ethanol immediately after capturing. 
MtDNA ND/1 sequences of O. polixenes, O. bore (O. taygete) and O. uhleri as well as 
Neohipparchia statilinus used as the reference were obtained from DDBJ data base (Martin 
et al., 2000). 


Total genomic DNA was extracted from male specimens, using protease digestion followed 
by two phenol-chloroform extractions and ethanol precipitation. Mitochondrial gene region 
of NADH dehydrogenase subunit 1 (NDI) was applied by PCR using the primers, 5’-CG- 
TAAAGTCCTAGGTTATATTCAGATTCG-3’ for forward and 5 -ATCAAAAGGAGCTC- 
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Table 1. The mt-DNA (ND/) sequences (452 bp) of Oeneis norna, O. polixenes, O. bore and O. melissa. 
1 50 





O.nona GGGTTATTACAGCCTTTTTCTGATGCTATTAAATTATTTACTAAAGAAC A 
O. polixenes O 2h ee ae Cas Wave ene: Son ae, a Re ce a ie ee Ae ee ee i oe ee ie! oP ab wis Fed eh eth St ae ee 
O. bore Wicd ME Fa ane BR: Ua onli ss ah aR ah Sie E ee ibs Uae See ad wae <i, Sra he Th ag de ean cae el eects a rele ke Bold 
O. melissa bw BTSs be et nb eee A A RO 
51 100 
O. norna AATTTATTTAAATTATTCAAATTATATTTTTTATTATTTTTCTCCTGTAT 
O. polixenes GG Ree Y CG. BS Bee E RR Bb ee A a 
O. bore Byer PEE A et oO gy oe BS Bye SO ee a a oe a ae 
O. melissa eI A. E ia BS a Ee E Se Ee aa DTN 
101 150 
O. norma  TAAGATTTATGTTATCTTTAATAATTTGGATAGTGATTCCATATTATTTT 
O. polixenes E Be ee AEE O BE GEE E AR A A ee i ee Gs lee a Ae. we ks be ee ewe 
O. bore ttt ts PE Ee OB SP EOE GRE a I EEE ie A he en ae oe be ay Secs ee a, low 
O. melissa ccc cc: PRE ee ESE Se Ss Be eee SE iS, og DA IA Bee ee be BS 
151 200 
O. norna AATTTAATTGTTTTTAATTTAGGGGTATTATTTTTTTTATGTTGTATAAG 
O. polixenes Soe Be ge Tae eee Bee Se RR at WR GR OE ah PA eat Boi EE a a ec Es 
O.bore ot tt tt tts (e a AGS, Bue SR BoB A A NA AN 
O. melissa 0 oco e 
201 250 
O.norna TTTAGGGGTTTATACTGTTATAATTGCTGGTTGGTCTTCTAATACTAATT 
O. polixenes A a A wh ae A A RAN o AR RS 
O. dore ee, Mis A a as 
0O. melissa 050 Y E e Coe a iiaa e Aes 
251 300 
O.norma ATTCTTTATTAGGGGGATTGCGGGCAGTGGCACAGACTATTTCTTATGAA 
O. polixenes Wye. a A Bg A E A NS Ft A id ade A 
O.bore rro Fo SS Rei ae Ae FE es Peo te 8 a el a sd E 
O melissa o. cee RO eo ete AA eat ae 
301 350 
O. norna GTTAGTTTAATTTTATTAATATTATCTAGTATTATTTTAATTTTGGATTT 
O. polixenes AA Sethe A AAA a E ge Abe oleae Sa ee Ses ins Sere a aS a de a RAE de 
O.bore "cc cc: Cy id E E TN Oe a GR we T 
O. melissa O e cc cc Sy 
351 400 
O. norna TAATTTAATAAAATTTATAGATTATCAGGAATTAATTTGATTTATATTTA 
O. polixenes E Se tet ten Oe Sr Slee as fe pho as Ges iM coho it dal gk Wee hot oh AB Ge ie Ba Nado 
O.bore ttt Le i BES haces eee Sh de he BN ae fee Arem on. A io let iy ari 
O. melissa cc cc: Tes ar ri a fe A IA A de ae de eran of 
401 450 
O. norna TAATATTACCTTTAAGATTTTGTTTTATGTCTTCTTTAATGGCTGAAACT 
O. polixenes BB te ce a E og he: oe Piast Gin a O ey te ey Mian ae ed es as A hig, es ae AS pe AE 
O. bore tt tte Toste ee E e Ai a DUE o Die TAE A A AR de Re th a 
O. melissa cc E A EA Ap to y 
451 
O. norna AA 
O. polixenes * * 
O. bere 
O. melissa 





GATTAGTTTC-3’ for reverse (Aubert et al. 1996). Thermal cycle parameter for ND] were 
2 min at 94°C (1 cycle); 30 s at 94°C, 30 s at 55°C, 1 min at 72°C (30 cycles); 5’min at 72°C 
(1 cycle); 10 min at 4°C (1 cycle). The PCR product was purified by passing through a gel 
and fragment sequencing was carried out using a sequence analyzer (ABI Prism 3100). 
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Table 2. Relative pairwise distance between the Oeneis taxa analyzed using 
Kimura’s two-parameter method, along with the standard deviation 
shown in the parentheses. 





polixenes bore melissa uhleri 
norna 0.030 (0.007) 0.029 (0.008) 0.029 (0.008) 0.075 (0.013) 
polixenes 0.027 (0.008) 0.023 (0.008) 0.063 (0.012) 
bore 0.027 (0.008) 0.065 (0.013) 
melissa 0.065 (0.013) 


Results and discussion 


In Table 1, we show the sequences of the partial mtDNA NDI gene of O. norna and O. 
melissa, along with the reported sequences of O. polixenes and O. bore (taygete). Among 
mtDNA NDI sequences of the five Oeneis species each consisting of 452 bp, norna differs 
from polixenes by 13 bp, differs from bore by 13 bp, and differs from melissa by 13 bp, 
while polixenes differs from bore by 12 bp. The habitat of polixenes and bore overlaps in 
part in North America, and these are treated as distinct species (Howe, 1975). In Europe the 
habitat of norna and bore also overlaps in part and there bore and norna are treated as dis- 
tinct species to each other (Higgins & Riley, 1970). Outlines of the distribution ranges of 
norna, polixenes and bore are displayed in Fig. 1. 


Table 2 shows relative genetic distances between the Oeneis taxa analyzed using Kimura’s 
two-parameter method. It is seen in Table 2 that there are no appreciable differences in phy- 
logenic distance among norna, polixenes, bore and melissa, suggesting that ancestors of 
these four species have separated at almost the same age. Noteworthy is that the distance 
between norna and melissa, and that between norna and polixenes are almost the same, al- 
though norna belongs to the group different from that of mellisa or bore (Lukhtanov & 
Eitschberger, 2001). On the other hand, there is a large genetic distance between O. uhleri 
and other four Oeneis species, which is consistent with the fact that the morphology of O. 
uhleri is markedly different in size and in color from the four other Oeneis species. 


In 1988, Oeneis philipi inhabiting Alaska very locally was described, which is morphologi- 
cally almost indistinguishable from polixenes (Troubridge et al., 1982; Troubridge & 
Parshall, 1988). Further, recently O. taygete and O. philipi were treated as subspecies of O. 
bore and O. rosovi, respectively, where rosovi is an Oeneis species distributing in the far 
east edge of Eurasia (Opler & Wright, 1999; Lukhtanov & Eitschberger, 2001). Lukhtanov 
and Eitschberger wrote in a recently published monograph that the male genitalia of O. 
philipi are identical to those of O. norna. Therefore, the conspecificity of O. norna and O. 
philipi cannot be excluded. According to Layberry et al. (1998) O. philipi is conspecific 
with O. rosovi. Thus, O. rosovi, O. norna and O. philipi may be treated as the same species 
in future. However, at present there is no clear evidence showing that O. norna is distrib- 
uted North America including Alaska. This contradicts the descriptions given in illustrated 
reference books on Japanese butterflies published up to 2006. 
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ia Ei 


3 kay FY 7 DNA (NDI ORDAN EO 72 Oeneis norna, O. polixenes, O. bore and 
O. melissa DME OE (AYER CREME PEAT > 01) — HE) 


FLV (lI REA (CBE LCS 440) Oeneis Fi (Oeneis norna, Oeneis polixenes, Oeneis bore, Oeneis 
melissa) D mtDNA (ND1) 0 452 HAB 170, 210 4 FBS AV (CHAR Ze HV FECES RD 
IB LAC ARRS Ire. EK, REOR, EY HREH (Oeneis norna) DAKE lap 4G LCA A 
FEIRA? L, COC LILAARCHMSENKSROMRO MRC HIST ACLEBRUR. 
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